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3amma COCTOllTCH «29» OKTH6px 2008 r. B 17 qacoB 00 MlleyT Ha 3ace,ll.aHllll 

.llllCCepniuuoHHOfO COBeTil ~212.130.07 B MocKOBCKOM llIDKeHepHo

qJll3ll'leCKOM HHCTmyre (rocyJJ.apcTBeHHOM yHHBepcuTeTe) (MM<l>M) no aJJ.pecy: 

115409, MocKBa, KaurnpcKoe rnocce, JI.OM 31, TeneqioH 3248498. 

C JJ.HccepTauuei1 MO:>KHO 03HaKOMHTLCH B 6u6nuoTeKe MM<l>M. 

ABrnpeqiepaT pa3ocnaH « { f » ceHrn6px 2008 r. 

IlpOCHM IIpllHHTb )"laCTlle B pa6oTe COBeTil llJill npucJiaTb OT3bIB B OJI.HOM 

3K3eMIIJIHPe, 3aBepeHHLii1 neqaTLIO opraHmauuu . 

YqeHL1i1 CeKpeTilpb .llllCcepTaUllOHHOro COBeTa, 

.llOKTOp q>H3llKO-MaTeMaTll'leCKllX HayK ~- B.B. ~MllTpeHKO 

OlimMI XAPAKTEPMCTMKA PAliOTbl 
A1rryaJJbHOCTb pa60Tb1. 

8 coapeMeHHOH q>H3HKe BbIC0KHX 3Heprntt BeCbMa Ba:>KH0e MeCTO 3aHHMalOT 

3KCnepHMeHTbl no q>H3HKe nI:>KeJJblX KBapK0B, npoaepKe CM, noHCKY HOBbIX 

qacmu 3a npe.nenaMH CM u .np. npoao.nnMbie c yqacrueM OIUU1 uccne.noaaHm1 

Ha T3BaTPOHe <l>HAJI BKJJIOlfaIOT 3KcnepHMeHTbI TaKoro po.na. Hx 

3q>q>eKTHBHOCTb cymecTBeHHblM o6pa30M nOBhJUieHa B nocJie,ll.HHe fO./lhl, lfTO 

era.rm B03M0:>KHhIM 6naroJJ.apx MOJJ.epttmauuu a 1996-2000 rr. 0.llHOro H3 

rnaBHhIX cneKTP0MeTPll'leCKHX KOMnneKC0B <l>HAJI - ycrnHOBKH «Central 

Detector Facility» (CDF). Yaenuqettne caemMocm T3BaTPOHa H aKcemattca 

ycniHOBKll CDF B RUN II (JJ.anee - CDF II) o6ecnelfHJIH HaKonnettne 

llHTerpanbH0ll CBeTUM0CTH, B HeCKOJihK0 pa3 npeBbIIIIalOIUeH CBeTHM0CTh, 

Ha6paHttyIO B nepaoM ceattce (1992-1995). TaKHM o6pa30M ocymecrnneH 

nepexo.n K CTaTHCTll'leCKll . o6ecneqeHHhIM 3KCnepuMeHTaM H, B lfaCTHOCTH, 

Haqarn H0B0e HanpaBJieHue B q>ll3HKe BhICOKHX 3Heprni1 - q>H3HKa /-KBapKOB. 

HemMeHHOll npHHUHnllaJihHOH COCTaBHOH lfaCTblO coapeMeHHbIX 

CIIeKTP0M~ll'leCKllX K0MIIJieKC0B .llJill 3KcnepuMeHTOB no $H3HKe BbIC0KHX 

3Hepmtt HBJIHIOTCH CUHHTHJIJIHUH0HHble H fa30Bbie K0Op.llHHaTHbJe .neTeKT0pbl, 

K0T0pbie lfaCT0 C0CTaBJilUOT e,ll.HHblH K0MnJieKC, r.ne 6bICTPO.lleHCTBYIOIUHH 

CUllHTHJIJIHUll0HHhIH .neTeKT0p llCII0Jib3YeTCH .llJlll 0.llH03HalfHOfO BbI6opa 

HCK0M0fO co6bITllH cpeJJ.H MHOfHX JJ.pyrnx, 3apemCTPHP0BaHHhlX TPeK0BblMH 

,ll.eTeKTopaMll. IlpHMepaMll TilK0fO K0MIIJieKca HBJilllOTCll .neTeKT0pbl MIO0HH0ro 

TPHrrepa CDF II, a TaK:>Ke CUHHTHJIJillUHOHHbIH npeKottaeprnp u .npe11$0Ball 

KaMepa, C0CTaBJilllOIUHe e,ll.llffYIO CllCTeMY BMeCTe C 3JieKTP0MarHHTHhIM 

KaJIOpHMeTP0M ll n0BbIUiaIOIUlle T0qffOCTb onpe,ll.eJieHUH napaMeTPOB JJHBHH. 

~ccepTilUllH 0TPa:>KaeT BKJJa,ll. aBT0pa B C03,ll.attue: MIOOHHOfO K0MIIJieKca 

yCTaH0BKll CDF II, BKJIIOqaJl H3fOT0BJieHue H HCCJie,ll.0BaHue HeK0T0pblX Ba:>KHhJX 

CB0HCTB CUllHTHJIJIHUll0HHbIX cqe~llK0B; annapaTHo-nporpaMMHOfO K0MIIJieKCa 

JJ.JIH HX onepaTllBHOfO K0HTPOJIH n M0HllT0pupoBaHu»:; H0B0fO 2600-KaHaJibHOfO 

CUHHTHJIJIHTOpeoro npeKoHBepTopa 3JieKTPOManilirnoro KanopuMeTPa. 

Uenb paooTM: 

C03.llaHHe CllCTeMbl CUllHTHJIJIHUH0HHbIX .neTeKTOpOB MIOOHH0ro TPHrrepa 

yCTaH0BKH CDF II, BKJI10qa10mero 6onee I 140 CUHHTHJJJJHUH0HHbIX 

/ 067,e,n;1rneHHMH HHCTHTYT 
I _] ~ ·sr,n;epmrx .nccne,z:i;oaamrn 

I BHBTTHOTEf<A I 



c11eT1IttKOB pa:rnoro Tttna n pa:3Mepa; co3.naHtte annaparno-nporpaMMHOro 

KOMnJieKCa JlJ[ll HX onepaTHBHoro KOHTPOJJll H MOHHTOpHHra. 

Co3.naHHe HOBOrO, CUHHTHJlJlllUHOHHOro, npeKOHBepropa 

3JJeKTPOMarHHTHOfO KaJJopttMeTPa c yaeJJHlJeHHOH Ha nopll.UOK 

cerMeHTaUHett no ncea.no6bICTPOTe JlJ[ll npo.nomKeHHll Ha6opa CTaTHCTHKH 

nptt B03pocrneii CBeTHMOCTH TJBaTpOHa . 

flpoae.neHne UHKJJa ttccJJe.noaaHHH ecTecrneHHoro crnpeHH.ll 

CUHHTHJIJillUHOHHblX ClJeTlJHKOB ycTaHOBKH CDF II H npOrH03HpOBaHtte HX 

.nonroapeMeHHOH Jcj>cj>eKrnBHOCTH . 

11ccJie.noBaHtte H o6ocHOBaHHe B03MO)l(HOCTH HCnOJib30BaHH.ll HOBOrO 

MIOOHHoro TPHrrepa L 1 B o6JJacrn 1.0:SIIJl:Sl .25 nyTeM BKJI1011eHHll B Hero 

cttrHaJIOB C .nonoJIHHTeJJbHOfO CJIOll MIOOHHblX CUHHTHJIJillUHOHHblX 

.neTeKTOpOB. 

Hay'IH3H HOBH3Ha: 

C03.nattne ttoaoro MIOOHHoro TPHrrepa ycrnHOBKH CDF nyTeM BKJ11011eHttll B 

ero COCTaB CHCTeMbl KpynHora6apttTHblX CUHHTHJIJillUHOHHblX ClJeTlJUKOB 

HOBOro noKOJieHHll co CBeToc6opoM cneKTPOCMeIUaIOIUHMH BOJIOKHaMH. 

Pattee no.no6Ha.ll MeTO.!lHKa B npaKTttKe 3KCnepttMeHTOB no cjJH3HKe BbICOKHX 

3Heprntt npttMeH.llJlaCb TOJibKO B KaJIOpttMeTPHH. 

QttKJI HCCJie.noaaHHH CTapeHHll CUHHTHJIJI.llUHOHHblX c11eT1IHKOB C pa3HOH 

nOJIHMepHOH OCHOBOH n pa3HbIMH cnoco6aMH CbeMa CBeTa a pa.nttaUHOHHblX 

ycJIOBH.llX. ,[vill ClJeTlJHKOB HOBOro nOKOJJeHHll C onTOBOJJOKOHHblM CbeMOM 

CBeTa anepBbJe: onpe.neJJeH BKJia.n cneKTPOCMeIUalOIUHX BOJIOKOH (20%) a 

crnpeHtte; Hatt.neHO, lJTO BeJIHlJHHa TeXHHlJeCKOH .!lJlHHbl OCJJa6JJeHttll I CBeTa 

CJJa6o 3aBHCHT OT BpeMeHH. 

C03.!laHHble HaMH .neTeKTOpHbie KOMnJJeKCbl o6ecnelJHJIH nony11eHHe Ba)l(HbIX 

HOBbIX Hay11HblX pe3yJibTaTOB no Pll.!lY cj>yH.naMeHTaJJbHbJX npo6JieM 

coapeMeHHOH cj>H3HKH BblCOKHX 3Heprntt. 8 11aCTHOCTH, cpe.nH pe3yJibTaTOB 

no.no6Horo KJiacca, .!lOCTHrHYTblX C npttMeHeHHeM C03.!laHHblX .neTeKTopoB 

MIOOHHOro KOMnJieKCa CDF, 0.!lHH H3 Hatt60JJee TOlJHblX, no apeMeHH 

I TeXHH'-leCK!UI .!lJIHHa oc11a611eHHll nJJaCTMaCCOBOH CUHHTHJJJJJIUHOHHOH nnaCTHHbl 

onpe.ueJJlleTCJI KaK .!lJJHHa, Ha KOTOpOH CBeTOBOH CHrHaJJ yMeHblllaeTCJI B e pa.3. B HallJeM 

cny•-me BMeCTO CUHHTHJJJJJITOpa no.upa.3yMeBaeTCll CHCTeMa 

«CUHHTHJJJIJITOp+cneKTpOCMe1Ual01UHe BOJJOKHa». 
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nonyqeHHll, H3MepeHHH MaCCbl Ton-KaapKa M,0p= 173,5~~:~ (stat.) r3B/c
2 

H 

M,up=l 70.1 rJB/c
2 

± 6.0(stat.) ± 4.1 (syst.) a T.H. Mo.nax "JJemoH+CTpytt" H 

".!lttJJenTOH" COOTBeTCTBeHHO, Hatt6oJJee TOlJHOe H3MepeHHe MaCCbl W-6030Ha 

Mw= 80413±48 (stat.) M38/c
2 

H .up. 

IlpaKrlf'ICCK3H UCHHOCTh: 

8 COOTBeTCTBHH C nporpaMMOH nOBbJUieHH.ll 3Heprntt H CBeTHMOCTH 

T3BaTPOHa B RUN II cywecTBeHHO Mo.nepHH3ttpoaatta cttcTeMa 

CUHHTHJlJI.llUHOHHbIX ClJeTlJHKOB MIOOHHOro TPHrrepa ycTaHOBKH CDF II BO 

<l>HAJI: Ha 60% yaeJJHlJeH ee aKcemaHC. 3TO .!lOCTH)l(eHHe o6yCJJOBJieHO 

C03.UaHHeM HaMH H BKJIIOlJeHHeM B COCTaB cneKTPOMeTPHlJeCKOro KOMnJieKCa 

CDF II 6oJJee 650 1<pynH0Macrnrn6HbIX CUHHTHJIJJllUHOHHbIX c11eT1JHKOB c 

o6meii nnoma.!lblO 6onee 300 M
2

, B TOM lJHCJie 608 ClJeTlJHKOB C 

OnTOBOJIOKOHHblM CbeMOM CBeTa (tt3rOTOBJieHHbIX B OIUJl1); 06ecne11eHHeM 

CHCTeMOH ynpaBJieHHll H KOHTPOJJll 6oJJee 11eM 1140 CUHHTHJIJlllUHOHHblX 

c11eT1IttKOB ycrnHOBKH CDF II. 

,[vi.ll BbinOJIHeHH.ll nccne.noaaTeJibCKOii nporpaMMbl CDF II nptt B03pocrnett 

CBeTHMOCTH TJBaTPOHa (.no 2x10
32 

cM·
2
c·

1 
H BbJUie), B KOTOpott TPe6yeTCll 

lf.!leHTHcjJHKaUH.ll 3JieKTPOHOB H !pOTOHOB, C03.UaH HOBblH nptt6op - 2600-

KaHaJibHbIH ro.nocKOnHlJeCKHH CUHHTHJIJI.llUHOHHbIH npeKOHBepTOp c o6meii 

nJIOlUcl.!lblO 6onee 40 M
2 

C yaeJIHlJeHHbIMH Ha nop.ll.!lOK 6bICTPO.UettCTBHeM H 

cerMeHTautteii no ncea.no6bICTPOTe B cpaaHeHHH c paHee cymecrnoaaarneii 

CHCTeMOH, npttro.UHOH JlJI.ll HCnOJib30BaHH.ll npH CBeTHMOCTH Mettee 

1032 CM-2c" 1
• 

flpoae.neH UHKJJ HCCJie.noaaHHH H nony11eHbl paHee OTCYTCTBOBaBUIHe 

cae.neHH.ll no crnpemno CUHHTHJIJI.llUHOHHbIX c11eT1IHKOB ycrnHOBKH CDF II: B 

ycJIOBH.llX peaJibHOro 3KCnepHMeHTa H HHTerpaJJbHOro y11ern MHOrHX 

cj>aKTopoB, BJIH.lllOIUHX Ha .nerpa.naUHIO CUHHTHJIJillUHOHHOH nJiaCTHHbl, 

ycTaHOBJieHO CTaTHCTil'leCKH .!lOCTOBepHblM cnoco6oM, lJTO 

CUHHTHJIJillUHOHHbie ClJeTlJHKH Ha OCHOBe nOJIHBHHHJITOJJYOJia crnpeIOT a 2 

pa3a 6bICTPee, 11eM c11eT1IHKH H3 noJIHCTHpOJia aHaJIOrHlJHOH reoMeTPHH. Ha 

OCHOBaHHH HalIIHX HCCJie.noBaHHH KOJIJia6opaUHll HMeeT MOTHBHpOBaHHYIO 

nporpaMMY 3aMeHbI Tepmomnx 3<p<peKTHBHOCTb ClJeTlJHKOB, 

HCITOJib3YIOlUHXCll Ha ycTaHOBKe CDF c 1992 r. EoJJee TOro: nOKa3aHO, lJTO 

mroTOBJieHHble HaMH B OIUJl1 nOJIHCTHpOJibHble ClJe'PIHKH HOBoro 
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nOKOJieHirn MOryr 6bITb HCnOJib30BaHbl .DJUI Ha6opa CTaTHCTHKH 6e3 

3aMeTHoro yMeHbWeHml 3q>q>eKTHBHOCTH .uo 2010 r B ycnosm1x TJBaTPOHa. 

TTpe.uJIO,KeH If 3KCnepHMeHTaJibHO anpo6HposaH HOBblH MIOOHHblH TPHrrep 1-

ro ypOBHll B o6nacrn 1.0<1111<1.25, He06XO,llHMOCTb B KOTOpOM B03HHKJia B 

CBll3H C nOBbIWeHHeM CBeTHMOCTH TJBaTpoHa. 3THM .UOCTHraeTCll 

cymecrneHHoe (6onee 10%) ysenttqetttte Ko1111qecrna oT6ttpaeMb1x co6b1rn1i 

C MIOOHaMH B Kaqecrne CHrnarypHOH (TPHrrepHOH) qaCTHUbl. 

ABTOp JaIIUtmaeT: 

1. PeJyJibTaTbl 3aBepweHHOfO KOMnJieKca pa3pa60TOK H HCCJie,llOBaHHH, 

BbinOJIHeHHblX C ueJiblO C03.UaHml, BHe.upeHHll H npHMeHeHHll CHCTeMbl 

CUHHTHJIJillUHOHHbIX .ueTeKTOpOB B MIOOHHOM KOMnJieKce H HOBOM 

npeKOHBeprnpe CDF II B npOBO.UHMbIX Ha TJBaTPOHe <l>HAJI JKcnepHMeHrnx 

no q>H3HKe BblCOKHX 3HeprnH (H3MepeHHIO Mace /-KBapKa H W-6030Ha, H .up). 

2. PeJyJibTaTbl HCCJie.uosaHHll ,llOJirospeMeHHOH 3q>q>eKTHBHOCTH MIOOHHblX 

CUHHTHJIJillUHOHHbIX cqeTqHKOB ycTaHOBKH CDf II. 

3. Pe3yJibTaTbl HCCJie,llOBaHHll HOBOro MIOOHHOro TPHrrepa 1-ro ypOBHll B 

o6nacrn 1.0<1111<1.25 B ycJIOBHllX nOBbIWeHHOH CBeTHMOCTH TJBaTPOHa. 

Anpo6aUHH pa6on,, H ny6JIHKaUHH. OcHOBHhie pe3yJihTaTbI pa6oTbI 

,llOKJia.UbIBaJIHCb Ha HayqHo-MeTO,llHqecKHX ceMHHapax J1a6opaTOpHH 51.uepHblX 

TTpo6neM O6be.UHHeHHOro 11HcrnTyrn 51.uepHbIX 11ccne.uosattHii (J151TT 0115111), 

peryJillpHbIX cosemaHHllX MIOOHHOH rpynnbl CDF, Me,K,Uyttapo.uHOM CHMn03ttyMe 

no ll.UepHblM HCCJie)],OBaHHllM H KOHq>epeHUHH no Me.UHUHHCKHM npHJIO)l(eHHJIM B 

.PHMe (2004 r.): OHH ony6JIHKOBaHbl s BH.Ue )l(ypHaJibHblX CTaTeii H H3.UaHHH 

<l>HAJI H 0115111. 

TTpttcy,K,uetta nepsal! npeMHll 0115111 (2006) Ja UHKJI pa6oT no 

CUHHTHJIJillUHOHHblM .ueTeKTOpaM MIOOHOB YCTaHOBKH CDF (.N'!!3147) H BTOpall 

npeMHll 3qA5I no HTOraM KOHKypca ny6JIHKaUHH s )l(ypHane "TTHCbMa s 34A51" 

3a 2005 ro.u. 

B .UHCCepTaUHH o6o6meHbl pe3yJihTaTbl pa6oT, BbinOJIHeHHblX aBTOpOM B 

1999-2006 rr. B J151TT 0115111 H B HauHOHaJibHOH YcKopHTeJibHOii J1a6oparnp1m 

HM. <l>epMH {<l>HAJI). 
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CTpyKrypa JJ:HCcepTaUHlf. }];HccepTaUHll COCTOHT 113 BBe,lleHHll, qeTblpex 

mas H 3aKJIIOqeHHll, B KOTOpOM npHBO.UllTCll OCHOBHbie pe3yJihTaTbl. 

CO)l,EP;KAHHE PA60Thl 

Bo BBep:eHHH noKaJaHa Ba,KHOCTb H aKryaJibHOCTb pa60Tbl, 

cq>OpMynttpoBaHbl ee ueJIH, nepequcneHbl BblHOCHMble Ha 3aIUHTY pe3yJibTaTbl, 

no,uqepKttyTbl HX HOBH3Ha H npaKTHqecKall ueHHOCTb. 

B nepBOH rJJaBe npHBO,llHTCll o6mee onttcaHHe ycKopHTeJibHOfO KOMnJieKca 

T3BaTPOH H ycrnHOBKH CDF, s C03.UaHHH pH.ua KJIIOqesbIX yJnos Kornpoli asrnp 

npHHHMaJI Henocpe.ucrneHHOe yqacrne. }];aeTCll nporpaMMa OCHOBHblX 

q>HJHqecKHX ttccne.uosaHHii Ha .uaHHoii ycTaHOBKe s paMKax RUN II. 

YcrnttoBKa CDF llBJilleTCll neTeKTopoM o6ruero HaJHaqeHHll H 

cnpoeKTHpoBaHa .uJill HJyqeHHll npOTOH-aHTHnpOTOHHblX CTOJIKHOBeHHH Ha 

ycKopmene TJBaTPOH s <l>epMHJia6e. 

TTOBbIUieHHe nOJIHOH 3HeprnH B CHCTeMe ueHTPa Mace CTaJIKHBaIOIUHXCll 

qacrnu c 1.8 TJB .uo 1.96 TJB, csernMocrn c 2.5xl0
31 

CM-
2
c·1 .uo 3x10

32 
cM·2c·1 

(BRUN I H RUN II coorneTCTBeHHo), a TaK,Ke .UaJihHeiiUiee ycosepUiettcrnosatttte 

.ueTeKTOpOB H yseJiffqeHHe aKcenTaHCa ycTaHOBKH CDF Il03BOJIHJIH pe3KO 

yseJIHqHTb Ha6HpaeMyIO CTaTHCTHKy. B HCCJie.UOBaTeJibCKOH nporpaMMe Ha 

ycTaHOBKe CDF II MO)l(HO BbI,ll,eJIHTb CJie.UyIOIUHe HanpaBJieHHll, OTHOCllIUHeCJI K 

qucny oco6o 3HaqHMblX npo6JieM cospcMeHHOH q>H3HKH BbICOKHX 3Heprn11: 

• HJyqettHe CBOHCTB /-KBapKa, H3MepeHHe MaCCbl /-KBapKa C BblCOKOH 

TO'IHOCTbIO; 

• H3MepeHHe MaCCbl W-6030Ha C Bb!COKOH ToqHOCTbIO; 

• IlOHCK 11aCTHU Xttrrca H T.,U. 

YcTaHOBKa CDF (puc. 1) ttMeeT BbICOKOTOqHyIO CHCTeMy perHCTPaUHH 

3apJ1)1(eHHblX lJaCTliU, KaJIOpHMeTPffqeCKYIO CliCTeMy BbICOKOH rpaHyJillpHOCTH H 

CHCTeMy ,ueTeKTHposaHHll H H,ll,eHTHqJHKau1m MIOOHOB. 

Henocpe.ucrneHHO BOKpyr BaKyyMHOH KaMepbl, r.ue npOHCXO.UllT 

CTOJIKHOBeHHll npOTOH-aHTHilpOTOHHblX IlyqKOB, pa3Me(UeH KpeMHHeBblH 

sepUIHHHblH .UeTeKTop, noJBOJillIOIUHH sechMa Toquo peKOHCTPYHposaTb TPeKH c 

ueJiblO noHCKa B TPttrrepHOM pe,KHMe BTOpH'IHblX sepUIHH OT pacna.ua 

KOpOTKO)l(HBY!UliX tJaCTHU C Tll)l(eJiblMH KBapKaMH. 
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3a KpeMHHeBhIM BepIIIHHHhlM .ueTeKTopoM paenoJimKeHa ueHTPMhHall 

ra30Ball TPeKOBall etteTeMa, KOTOpall no3BOJilleT eoeeTaHaBJIHBaTb TPaeKTOpHH 

perneTPttpyeMbJX qaeTHIJ.. OHa BMeeTe e KpeMHHeBblMH .ueTeKTOpaMH o6pa3yeT 

e.umzy10 TPeKOBylO etteTeMy. 
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Puc. I. Yc-raHOBKa CDF s pa3pe3e. 

E.uttHall TPeKOBall etteTeMa yeTaHOBJieHa BHYTPH eeepxnpOBO.UllIUero 

eoneHOH.UMhHOro MarHHTa pa3MepaMH I .5 M no paillfyey tt 4.8 M ,UJIHHOH, 

KOTOpbIH eOJ.uae-r none BenttqHHOH 1.4 Teena (MaKeHMaJibHall BenttqHHa 

I .5 Teena) napannenhHO nyqKy qaernu. e noneJHOM 061,eMe pa.ueyeoM I .4 M H 

,UJIHHOH 3.5 M. 

3a eoneHOH,UOM paenonO)KeHa KMOpHMeTPttqeeKM etteTeMa. C ee nOMOIUhJO 

onpe.uenllJOT :meprtttt H KOOp.UHHaTbl :meKTPOHOB, q>OTOHOB, a.upoHOB, a Tal()Ke 

eTPyii. KanopttMeTPttqeeKa» ettCTeMa eoeToHT HJ oT.uenhHhJX :meKTPOMarHHTHhJX 

H a.upOHHhIX KaJIOpHM~OB. 

6 

M!OOHHall etteTeMa llBJilleTell npHHUHnHMbHO Ba)KHOH tJaeTbJO yeTaHOBKH 

CDF II H eoeTOHT H3 euHHTHJinllUHOHHhlX etJeTlJHKOB H JJ.pefiq>OBblX KaMep. OHa 

yenOBHO .ueJIHTell Ha HeeKOnbKO oeHOBHblX qaeTeii. l(eHTPMhHall MJO0HHall 

etteTeMa eoeTOHT H3 .upeiiq>OBhIX KaMep, paenono,KeHHhlX no OKpY)KHOeTH 3a 

U.effTPMhHhIMH KMOpttMeTPHqeeKHMH KJIHHhllMH. flepeJJ.Hllll MIOOHHall eHeTeMa 

eoCTOHT H3 nap )KeJie3HhlX TOpOHJJ,OB, npoenoeHHhIX JJ.peiiq>OBhlMH KaMepaMH H 

eu,HHTHJinllUHOHHhlMH eqeTqHKaMH. l(eHTPMhHall MIOOHHall MO.uepHH3HpoeaHHall 

qaeTh eoeTOHT H3 .upeiiq>OBhlX KaMep e paenOJIO)KeHHhlMH 3a HHMH 

elJ,HHTHJinllUHOHHblMH eqeTqHKaMH 6onhIIIOH ,UJIHHhl. TaK Ha3bJBaeMoe 

«ueHTPaJihHOe MIOOHHOe paernttpeHHe» JJ,o6aBJieHO ,UJill yeenH'leHHll 

reoM~ttqeeKOH 3q>q>eKTHBHOeTH .ueTeKrnpoeaHHll MIOOHOB. 

CtteTeMa e6opa .uaHHhIX yeTaHOBKH CDF II enoeo6Ha npttHHMaTh exo.ullIUYJO 

HHq>OpMaUHIO OT .ueTeKTOpOB e tJaeTOTOH .uo I. 7 Mru. TpexypOBHeBall eneTeMa 

TPHrrepoB no3BOnlleT eHH3HTh KOHeqey10 tJaernry Jannett Ha noeTOllHHhlH 

HOeHTenh .UO 50 fu. 

CneUHaJihHoe pa3pa6oTaHHOe nporpaMMHOe o6eeneqeHtte oeymeernnlleT 

MOHIITOpttpOBaHHe H KOHTPOnb JJ,eTeKTOpOB yeTaHOBKH B pe,KHMe peanbHOro 

BpeMeHH nptt Ha6ope .uaHHhJX Ha T3BaTPOHe. 

Bo BTOpoii rJiaBe onttehJBaeTell etteTeMa MIOOHHhlX euHHTHJinllUHOHHblX 

eqerquKOB yeTaHOBKH CDF, a Tal()Ke opraHmaUHll e6opa .uaHHblX, ynpaBneHHe 

napaM~aMH, onepaTHBHhlH KOffTPOnh H MOHHTOpttpoeaHHe euHHTHJIJlllUHOHHhlX 

eqeTlJHKOB. flpHBO,UHTell Pll.U eymeeTBeHHhlX q>H3HqeeKH:X pe3ynhTaTOB, 

.UOCTHfayTbIX e yqaeTHeM MIOOHHOro TPHrrepa. 

M!OOHHhlH KOMnJieKe (MK) ttrpaeT npHHUHnHMhffYIO ponh Ha yeTaHOBKe 

CDF II. CUHHTHJIJillUHOHHhie eqeTtJHKH tt .upeficpoBbie KaMeph1 MK uenonhJYJOTell 

nptt cpopMttpOBaHHH TPHrrepoB H B "off-line" aHanme npH oT6ope H 

tteene.uoBaHHH IIIHpOKOro Kpyra npOTOH-aHTHilpOTOHHhlX B3aHMO.UeiieTBHH, r.ue, 

no yenOBHllM 3KenepttMeHTa, 0,KH,UaeTell pO,K,UeHHe MJOOHa • 

M!OOHHall etteTeMa yeTaHOBKH CDF II BKJIIOqaeT euHHTHnnllUHOHHbJe 

eqeTlJHKH H JJ,peiiq>OBbJe KaMepbi. 

MlOOHHbJe eu.ttHTHnnllUHOHHhJe eqeT'IHKH 

neeBJJ.06hJeTPOT O < 1171 < I .5 H erpynmi:poBaHhI 

no.uetteTeMhl (pHC. 2): 
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• Mo)lepmnttpOBaHHhitt QeHTparrbHhIH M100HHhIH CUHHTHJJJJHUHOHHbitt 

)];eTeKTop-c11eT'IHKH CSP
2 

e HHTepearre O ~ 1'71 ~ 0.6; 

• PacurnpeHHe QeHTPaJibHOro MIOOHHOro CuHHTHJJJJHUHOHHOro )];eTeKTopa -

c11eT11HKH CSX
3 

H c11eT'IHKH CSX «miniskirt» (MSK) e HHTepearre 

0.6 ~ 1'71 ~ 1.0; 

• CuHHTHJJJJHUHOHHbie c11eT11HKH TTepe)lHett M100HHOH CttcTeMbI IMU
4

: 

c11eT11HKH BSU, 06nera10mtte TOpOH)lhI, H c11eT'IHKH TSU BHYTPH TOpOH)lOB e 

HHTepearre 1.0 ~ I '71 ~ 1.5. 

8oCTOK 
(East) 

Pttc. 2. CttcTeMa MIOOHHbIX CUllHTllJIJillUllOHHblX 
C'-leT'-lttKOB yCTaHOBKtt CDF II. 

O6mee KOJJWieCTBO 

MIOOHHbIX CUHHTHJJJJHUHOHHbJX 

c11eT11HKOB 

npeBOCXO)lHT 

Ha CDF 

1140 

II 

WryK. 

11cnOJJb3YIOTCH C'leT'!HKH pa3HbIX 

THTTOB co CbeMOM CBeTa: C 

TTOMOIUblO TTJJeKc11rnacoeoro 

ceeTOBO)la (T. H. «cTapb1e» 

c11eT'!HKH), C ITOMOIUblO 

cneKTPOCMe1Ual01UHX BOJJOKOH 

(T. H. C'leT'!l1K11 HOBOro 

TTOKOJJeHHH) 11 COBMema10m11e o6a YKa3aHHblX cnoco6a (T. H. 

«MO)lepHH3HpOBaHHbie» ). MIOOHHble CUHHTHJJJJHU110HHble C'!eT'IHKH CDF II 
pa3)leJJHIOTCH Ha )lBa BH)la no THny HCTTOJJb3yeMbIX q>OTOYMHO)Kl1TeJJeH (<1>3Y): 
C'leT'IHKH co CbeMOM CBeTa TTJJeKCHrnacoBblM CBeTOBO)lOM H 60JJbWHM <1>3Y; 

C'leT'!HKH co Cbe~OM CBeTa cneKTPOCMe1Ual01UHMl1 BOJJOKHaM11 H q>OTOCeHCOpOM 

Ha OCHOBe Ml1HHanopHbIX <1>3Y. 

CqeT'!HKH co CbeMOM CBeTa npH ITOMOIUH TTJJeKcHrnacoeoro CBeTOBO)la 11 

<1>3Y c )lHaMeTPOM q>oToKaTO)la 51 MM - EM! 98148 (npo113BO)lCTBa Electron 

Tubes Inc., BenttKo6pHTaHHH) - :no see c11eT11HKH CSX, MSK H CSP Wall. 

11x TTHTaHHe ocymecTBJJHeTCH OT BblCOKOBOJJbTHbIX HCTO'IHHKOB5 qepe3 

pa3BeTBHTeJJH «Pisa Box»
6

• 

2 CSP - Central Scintillator upgrade. 
3 CSX - Central Scintillator extension. 
4 

!MU - Intermediate Muon Upgrade, BSU - Barrel Scintillator Upgrade, TSU - Toroid 
Scintillator Upgrade. 
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B RUN II HaMH eee)leHa B cocme CDF OTCYTCTBoeaewa» e RUN I cttcTeMa 

HaCTpOHKH H KOHTPOJJ}I pa3BeTBHTeJJ» BbICOKoro Hanp»)KeHH» «Pisa Box», 

Il03BOJJHBWM COKpaTHTb epeM» HaCTpOHKH Hanp»)KeHH» )lO HeCKOJJbKHX ceKyH)l 

Ha KaHarr, TeM caMbIM B )leC»TKH pa3 yMeHbWHB epeM» HaCTpOHKH H KOHTPOJJ}I 

BbICOKOro ttanp»)KeHH}I rpynnhI CTapblX CUHHTHJJJJ»UHOHHblX C'leT'IHKOB B 

cpaBHeHHH c PY1JHbIM cnoco6oM ynpaBJJeHH}I, npaKTHKOBaBWHl,fC}I e RUN I. )];JJ» 

JTOro Hcnonb30BaH cneuttaJJbHbIH HHTep<j>ettC-KOMMYTaTOp (T. H. «Pisa Driven> 

npomllO)lCTBa CAEN) CTaH)lapm KAMAK, KOTOpbIH nocpe)lCTBOM SCSI

KOHTPOJJepa Jorway Model 73A 06ecne11HBarr CBH3b Me)K)ly KOMITbIOTepoM H 

pa3BeTBHTeneM (pnc. 3, 4). 

31CCftepMM9HTa.rl:JHblil . ... 

C'48l\MICIIICSPWaJ 

I,~ ___ _ 
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•3Y~7 

.v. 

Pttc. 3. CxeMa nona'-111 

BbICOKOro HanpmKeHHll " 
CHCTeMa C'-IHTbIBaHHll .llilll 
CUHHTHJIJillUHOHHbIX 
C'-leT'-IHKOB CSP Wall c 
KJiaCCH'-leCKHM <l>3Y. 

Pttc. 4. CxeMa ITO.llKJIIO'-leHttll 

C'-leT'-IHKOB CSX " CBll3aHHbIX 
C HHMH MHHTattMepoB, 
3a,/leHCTBOBaHHal! Ha 
yCTaHOBKe CDF II. 

8 C03)laHHblX HaMH CUHHTHJJJJ}IU110HHblX C'leT'IHKax HOBOro TTOKOJJeHH» (CSP 

Top H Bottom, BSU, TSU
7
) ceeTOc6op npott3BO)ll1TC» cneKTPOCMema10m11MH 

BOJJOKHaMH H q>oTOcettcopoM H5783 Ha OCHOBe MHHHaTIOpHoro <1>3Y R5600 

(q>HpMbI Hamamatsu). 

5 Gamma Power Supply o6ecne'-lttBaeT .no 3000 B BhIXO.!lHOro Hanpl!JKeHttll nptt cttne TOKa 
.no 75 MA (npott3BO.!lCTBO Gamma High Voltage Research Inc., CWA). 
6 «Pisa Box» (npott3BO.!lCTBa CAEN, 11TaJIHll) MOJKeT O.!lHOBpeMeHHO ctta6JKaTb BbICOKHM 
HanplllKeHHeM .no 40 <l>3Y c MaKCHMaJibHblM BbIXO.!lHbIM TOKOM .no 2 MAIKaHaJI tt c 
TO'-IHOCTb!O <pHKCaUHH 3Ha'-leHHll BbIXO.!lHOro HanpllllCeHHll JIY'-lllle 0.1 % . 
7 

C'-!eT'-IHKH TSU 6bIJIH H3rOTOBJieHbl HalllHMH KOJIJieraMH B YHHBepCHTeTe lllTaTa 
Mtt'-IHraH (CWA). 

9 



.[vur ynpaBJieHmI q>OTOCettcopoM H5783 npllMO Ha C'!eT'IHK ycTaHOBJieH 

npe.n.ycnnmenh-q>OpMHJ)OBaTeJih - P AD
8 (puc. 5). Ott no3BOJilleT ynpaBJillTh 

BbICOKHM HanpmKeHtteM Ha <I>3Y, a TaK)Ke ycttJIHBaTb " orottpaTb no 

perynttpyeMoMy nopory Httq>opMau,mo OT <I>3Y . .[(anee .D.Jill oprattmau,HH pattee 

OTCYTCTB0BaBwero u.eHTPaJIH30BaHH0ro ynpaBJieHHll H CbeMa HHq>OpMaU,HH 

Ka)K)].blH C'leT'IHK TTO)].KJIIO'IHJIH K cneU,HaJill3Hp0BaHH0My pacnpe.n.eJIHTeJIIO

nptteMHHKY (CCU
9
), ynpanneHne KOT0phIM npoH3B0.D.HTCll 11epe3 cTaH.D.aprnhitt 

COM-nopT. Bcero Ja.n.ettcTBonaHo 20 TaKttx pacnpe.n.enttreneu-nptteMHHKOB, 

KOTOpbie o6CJIY)KHBaIOT )].0 700 CU,HHTHJIJillU,H0HHbIX C'leT'IHK0B. 

3Kcnep11MeHTilflbHblii 

3an 

C'li!T'IMK □ 
Puc. 5. CxeMa nona11u BbICOKOro HanpllJ!CeHHll " CHCTeMa C'IHTbIBaHHll llJlll 

CUHHTHJIJlllUHOHHblX C'leT'IHKOB co C'beMOM ceeTa npH ITOMOlUH cneKTPOCMelllaJOlllHX 
BOJIOKOH u (pOTOCeHCOpOB Ha OCHOBe MHHttanopHblX <l>3Y. 

B 'IHCJie cyw.ecTBeHHbIX pe3yJihTaT0B BhITTOJIHeHHbIX npH aKTHBHOM y11acTHll 

aBTOpa HOBbIX pa3pa60TOK, B .n.aHHOH mane YKa:3blBaIOTCll cne.n.y10w.tte: 

• IlporpaMMa «MuonMonitorn, pa:1pa60TaHHM u coJ.n.aHHM Ha octtone 

nporpaMMHoro naKeTa Visual C++ n Visual Basic OT q>HpMhI Microsoft, c.n.enana 

B03MO)KHhIM ynpanneHtte pa6orntt ncex CCU H Pisa Box YCTPOHCTB. COJ.n.aHa 

paHee OTCYTCTBOBaBwa.11 :meKTPOHHa.11 6a:1a .n.aHHblX no OCH0BHbIM napaMeTPaM 

CU,HHTHJIJI.IIU.llOHHhIX C'leT'IHK0B (Hanp.11)Ketttte ITJiaTO, noporonoe HanpH)KeHtte 

.D.HCKpHMUHaU,HH, pacn0JI0)KeHHe H HH)].HBH.D.YaJibHblH H0Mep H T,JJ.,), 06pama.11cb K 

K0TOpoii, nporpaMMa «MuonMonitor» M0)KeT caM0CT0HTeJibH0 BbICTaBJillTb 

3a)].aHHbie BbIC0KHe HanpH)KeHH.11 H ypoBHH noporoB Ha )].llCKpHMHHaTOpax. 

8 PAD - PMT Amplifier and Discriminator. 
9 

CCU - Control and Concentrator Units. HcnonbJYll CCU MO)KHO nonaeaTb ttanpll)KeHtte 
Ha 48 PADoB, 0.D.H0BpeMeHHO npHHHMall C HHX HH<pOpMaumo B 3CJl-CTaH)laPTe llJill 
llaJibHeiiwen ee o6pa60TKH " nepena11n Ha apeMll-UH<ppoeon npeo6paJoea-renh (TDC). 

IO 

• C03.D.aHHall Ha 0CH0Be nporpaMMH0ro 06ecne11eHHll iFIX 10 
nporpaMMa 

«MuonMain», paHee, .n.o Ha11ana Hawwx pa:1pa60TOK, 0TCYTCTaoaanwall Ha CDF, 

llHTerpnponatta n rno6aJihHYIO CHCTeMy K0HTP0Jill tt a pe)KHMe peaJibH0ro 

npeMeHH K0HTP0JIHpyeT 3a)laHHble napaMeTPbl MIO0HHblX CUHHTHJIJlllUH0HHblX 

C'leT'IHK0B. Ka)K)].ble 15 MHHYT a Te'leHHe 30 ceKyH.D. np0HCX0llHT 

M0HllTOpHp0BaHHe BbIC0K0rO Hanpll)KeHHll :::e 1200 <I>3Y tt noporoB 55 I 

npe.n.ycnnnTeJill. 

• I<:poMe BbIIIIeonncaHHbIX nporpaMMHbIX peweHHH npttMeHlleTCll BCTP0eHHall 

B rno6anbHYJO cttcTeMy K0HTP0Jill CDF cttcTeMa oneparnnHoro K0HTP0Jill 

cocTOHHHH 0T.D.eJibHbIX ycTPottcTB: pacnpe.n.enttTeneu-npneMHHK0B CCU, 

HCT0'IHHK0B BbIC0K0ro Hanpll)KeHHH, paBeTBttTeJiett Pisa Box, Bcex 

3a.n.encTB0BaHHbIX KAMAK KpettTOB, 6a:1ttcHoro K0MnbIOTepa K0HTP0Jill H 

ynpanneHHH. 

• Pa:1pa60TaHHOe nporpaMMHOe 06ecne11eHHe )].Jlll K0HTp0Jill J].0Jif0BpeMeHH0H 

CTa6HJibHOCTll napaMeTP0B C'leT'lllK0B TT03B0JIHeT BblllBJI.IITb 0T)].eJibHbte JIH6o 

rpynny C'leT'IHK0B C Hll3K0H 3q>q>eKTHBHOCTblO. PncyHOK 6 HJIJIIOCTPHPYeT 

Jq>q>eKTHBHOCTb c11eT'IHK0B CSP Wall, nony11etttty10 cpanHeHHeM K0J1H11ecTBa 

cpa6aTbIBaHHH C'leT'lllK0B n TPeK0B, npcine.n.eHHblX n C00TBeTCTBYIOlllHX 

.n.pettq>OBhIX KaMepax CMP/CMU. B cny11ae Ha6n10.n.eHHll HH3K0H Jq>q>eKTHBHOCTH 

C'leT'IHK0B onpeneJIHIOTCll npH'IHHbl HeHcnpaBH0CTett H YCTPaHllIOTCll. 

CSP wan, Ceeepo-3illl8,AHM CT9Hltll 

i·; "',,"',,,•,•.··•:··.•.·"', 
i "; I .. ! 
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CSP Wall, Ceeepo-lWTQ<IHaA CT8HU. 
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Pnc. 6. 3cp<peKTHBHOCTH C'leT'IHKOB CSP Wall. 

,[vlll oneparnBHoro 

K0HTP0Jill CTa6HJihHOH pa60Tbl 

CU,HHTHJIJillU,H0HHbIX C'!eT'IHK0B 

Mb! HCTT0Jib3YeM TT0CT0llHH0 (B 

Te11eHtte ceaHca Ha6opa 

.n.aHHbIX) Ha6ttpaeMbie 

.D.ByMepHbie rHCT0rpaMMbl, 

mo6pa)KaJOmtte K0JIH'lecTBo 

cpa6aTbIBaHHH C'leT'IHK0B Ha 

3anycKtt rno6anbHOro TPttrrepa 

ycTaH0BKll CDF. KaK npaBHJI0, 

H3MeHeHHe 

( CTa6 HJibH0 ro) 

npttBbl'IH0ro 

o6pa3a 

10 iFix - nnueHJHOHHbIH naKeT nporpaMM <pHpMbI «Intellution» 

I I 



rttcTorpaMMhl 03Ha,rneT HettcnpaBHOCTh B cqe'fl!HKe HJIH YCTPOHCTBax, CBll3aHHhlX 

C HHM. 

BhIUieonttcaHHhie Mephl o6ecneqttJIH ITOJUJ.ep)l(aHtte CTa6HJihHOH 

3q>q>eKTHBHOH pa60Thl CUHHTllJIJillUHOHHhlX cqeTqlfKOB MIOOHHOH CHCTeMbl CDF 

II B ,!J.JIHTeJibHhlX ceaHcax Ha6opa q>ll3H'IeCKHX .naHHhlX. 

C03.naHHhlH annapaTHO-nporpaMMHhlH KOMITJieKC c6opa .naHHhlX, 

ynpaBJieHIUI HeKOTOpblMH napaMeTPaMH, onepanrnHoro KOHTPOJill " 

MOHHTOpttpOBaHlll! 6onee 1140 CUHHTHJIJillUHOHHhlX .neTeKTOpOB o6ecneqttBaeT 

3q>q>eKTHBHOe q>yHKUHOHHpOBaHHe CUHHTHJIJillUHOHHhlX cqeTqlfKOB MIOOHHOro 

TPttrrepa CDF II nptt Ha6ope q>H3ttqecKttX .naHHhtX B npoeo.nttMOM Hhrne Ha 

T3BaTPOHe ceaHce RUN II H BHec Ba)!rny10 nenTy B nonyqeHtte Ba:>KHhtX HOBhtX 

pe3yJihTaTOB npHHUHTTHaJihHOro HayqHoro 3Ha'leHHll no q>H3HKe C, b, I - KBapKOB, 

si - s.1? - cMeUittBaHttIO, npoeepKe CM " T . .n. B qacrnocrn, cpe.nn pe3yJihTaTOB 

no.no6Horo KJiacca, .UOCTHrHYThlX C npttMeHeHtteM C03,UaHHhIX .neTeKTOpOB 

MIOOHHOro KOMITJieKca CDF, O.UHH H3 Hatt6oJiee TO'IHhlX H3MepeHHH MaCChl TOIT

KBapKa Mi0 p= 173,5~~:~ (stat.) f3B/c
2 

n M,0p=l 70.1 f3B/c
2 

± 6.0(stat.) ± 4.1 (syst.) B 

T.H. Mo.nax "JieITTOH+CTPYH" tt ".nHJienTOH" COOTBeTCTBeHHO, Hatt6oJiee TOqHoe 

mMepeHne Macchi W-6o3oHa Mw= 80413±48 (stat.) M3B/c
2 

tt .np. B nonyqeHttH 

3TllX pe3yJihTaTOB onpe.neJil!IOIUYIO pOJih ttrpana BhlCOKall 3q>q>eKTHBHOCTh 

perttCTPaUHH 3JieKTPOHOB (.no 96 %) "MIOOHOB (.no 90 %). 

B TPCTbCH rJiaBe OITHCb!BaeTCll npHHUHIT pa60Thl, TeXHOJIOrllll c6opKH, a 

TaK)l(e HCCJie.noeaHtte OCHOBHhlX napaMeTPOB 6onee 600 H3roTOBJieHHhlX B 

011}111
11 

CUHHTHJIJillUHOHHhlX cqeT'IHKOB HOBOro ITOKOJieHHll - C TeXHHKOH c6opa 

ceem cneKTPOCMeIUaIOIUHMH BOJIOKHaMH Ha OCHOBe yKpaHHCKOro 

CUHHTHJIJillTOpa UPS 923A, enepBhle npttMeHeHHhIX B K0JIJiaii.nepHhIX 

3KCnepttMeHTaX, " 60 ll3roTOBJieHHhIX BO <l>HAJ1 MIOOHHhIX CUHHTHJIJillUHOHHhIX 

C'le'fl!HKOB c KJiaCClflleCKHM MeTO,UOM c6opa CBeTa ITJieKcttrnacoBhlMH 

CBeTOBo.naMH Ha 0CHOBe UIHpOKO H3BeCTHOro npOMhIUIJieHHOrO CUHHTHJIJlllTOpa 

NEI 14. BHe.npeHtte B cocmB ycmHoBKH CDF 3THX cqe'fl!HKOB pa.nttKaJihHO, Ha 

60%, yBeJIHqllJlo aKcemaHC MIOOHHOrO KOMITJieKca. TaK)l(e npttee.neHhl 

pe3yJihTaThl HaWHX HCCJie,UOBaHHH BJIHllHHll npouecca ecTeCTBeHHOro cmpeHHll 

II 
3TOT KOMITJlCKC Mep ocy11..1eCTBJ1llJ1Cll rpynnoli, pyKOBO,llHMOH 

J.1.E. lJnpHKOBblM-30pHHblM 

12 

Ha CBeToc6op CUHHTllJIJillUHOHHhlX cqeTqlfKOB, qTo c.neJiaJIO B03MO)l(HhlM 

nporH03HpOBaHtte .noJirOBpeMeHHOH 3q>q>eKTHBHOCTH HX HCITOJlh30BaHIUI B 

ycJIOBllllX TJBaTPoHa. 

OITTOBOJIOKOHHhIH CbeM CBeTa (pnc. 7) HMeeT Ba)l(Hhle npettMyIUeCTBa B 

cpaBHeHHH c KJiaccttqeCKllM MeTO,UOM c6opa CBeTa ITJieKCttrnacoBhIMH 

CBeTOBO,UaMH: 

• 

• 

• 

MeHhUIHe ITOTeptt CBeTa 6Jiaro.napll 6oJiee KOpOTKOMY. nyn1 ero 

pacnpOCTPaHeHHll B o6beMe CUHHTllJIJillUHOHHOH nJiaCTHHhl; 

MeHhUiall 3aBHCHMOCTh 3q>q>eKTl!BHOCTH OT .nerpa.naUHH OITTH'leCKHX 

CBOHCTB caMOH CUHHTHJIJillUHOHHOH ITJiaCTHHhl - 60JihllIHH cpoK 

3KCITJiyamuntt; 

yMeHbUieHtte HeqyBCTBl!TeJihHOH 30Hhl - KOMnaKTHOCTh .neTeKTOpa H3-3a 

HCITOJih30BaHHll MHHllaTIOpHoro <1>3Y. 

C~~HTMJ"lflRTOP 

V. 

'"' v~ ,_ 
AHO<«><rr 

C6op ceem B CUHHTHJIJil!UllOHHhIX 

cqe'fl!ttKax HOBOro ITOKOJieHHll 

npOHCXO.UHT CJ1e.nyt0IUHM o6pa30M: 

qacTh rony6oro CBeTa, 113nyqeHHOro 

cMeCTttTeJieM cneKTPa POPOP, .nocrnral! 

OTTTOBOJIOKOHHOH JieHThl, nornomaeTCll 

.11.06aaKoii YI I (mrn K27) " tt30TPOITHo 

nepell3JiyqaeTCll B 6onee 

,!J.JIHHHOBOJIHOBYIO 3eJieHyIO o6JiaCTh. 

11cnOJih30BaJIHCh MHoroo6onoqeqHhte 

cneKTPOCMeIUaIOIUHe BOJIOKHa S-THITa 

q>HpMbl KURARA y " q>HpMbl 

Pol.Hi.Tech, BKJ110qa10mtte .11.06aBKH 

Pttc. 7. CxeMaTHqecKHH mm 

CUHHTl:IJJnllUHOHHblX C'leT'IHKOB CO 

CoeMOM CBeTa OITTOBOJlOKOHHOH JlCHTOH. 

YI I (250 ppm) tt K27 (200 ppm) 

COOTBeTCTBeHHO. 

TTepemnyqeHHhitt CBeT 

pacnpOCTPam1eTCll no BOJIOKHaM K <1>3Y 
tt K npOTHBOITOJIO)l(HOMY OT <1>3Y KOHUY (puc. 7). 3epKaJJO Ha .ll.aJlhHeM rnpue 

BOJIOKOHHOH JieHThl yBeJIH'IHBaeT Ha 60% CBeTOc6op. TttnttqHall KBaHTOBall 

3q>q>eKTHBHOCTh q>OTOCeHcopa H5783 paBHa ~ 12% Ha ,!J.JIHHe BOJ!Hhl ll3JiyqeHHll 

cMeCTHTeJill cneKTPa YI I HJIH K27 (~ 500 HM). 

13 



11ccJie)loBaHHJI C03)laHHbIX cqeTqHKOB no CBeTOC6opy HaMH npOBO)lHJIHCb B 

O11Jil1 H B <I>epMHJia6 Ha KOCMHqeCKHX MIOOHax (puc. 8). Ha pucyuKe 9 

noKaJaHbI pacnpe.ueneHH» cBernc6opa B q>OTOJJieKTPottax (<f>.e.) JlJI» cqerqHKOB 

BSU H CSP npu npoxO)K.!J.emm KOcMuqecKHX MIOOHOB qepe3 nnacrntty B 

.!J.aJibHeM OT <1>3Y KOHUe cqeHHKOB. 

TeriecKon C4e~1,1K <1>3Y 

fleHTa H3 
cneKTpocMelJla101111<X BOnOKOH 

Puc. 8. 6JJOK-CXeMa 

arrnapaTypbI .llJJll 

H3MepeHHH CBeTOC6opa 

c .nanbuero OT <t>3Y 
KOttua cqcrqnKa 

l= • ~-a ~~~ 
l!r ~ • ;~ ! 
l / !· . i, 

" 

or h;uu! ,-,-----.·1' ;(-'\- WI I i 
o , 10 u :zo 1, 30 n 40 o '° 

CBeToc6op, cp.3. 

u 
<( 
::;; J'i 
<( ... u•:s: 
a:, 2l 
::;; "' z 

D 
---- jCSPL2 -, r- ----- ---~CSP[3--

N""'1 "'lll ~ Np.,.106 
i !:..tcan 2')661 u ~ ~ ~7 

, 'm f U 
\ _ I ~10 1 

~

i'• i ·.t 
o I 

~ 'I 

1~ha.~ 
7 

... 
/ •.•. .b,,.J......,.,J Q 

, 10 IS lO 2., JO l' 40 -U 50 0 ' 10 15 20 2, 30 )5 .0 45 SO 
CBeToc6op, cp.3. CBeToc6op, cp.3. 

Puc. 9. CseTOc6op c .nanhttero OT <t>3Y Kottua .llJlll cuuttTHJJJJllUHOHHbIX cqcrqnKoB BSU, 

CSP L2 n CSP L3 Tnrroe, nJroToeneHHbIX B OH.Hl1. 

,,r- Enties 72 
Mean 79.8 ,.. 

" !l •• 
s 
i!:,. ... 
b 12 

; 10 

::r 

J7 
•0IOIOTOIOto100110t20 

Caeroctiop, cp.3. 

Puc. 10. Ceeroc6op c uettTpa 

CUHHTHJIJIHUHOHHOH rrnaCTHHbl 

.nnx cqcrqnKos MSK. 

.[vlll yBeJiuqeHHJI aKcenTaHCa ycTaHOBKH 

CDF II B o6nacrn nceB.uo6hICTµOT 0.6 < 1171 < l.0 

H a3HMYTaJibHOro yrna ~q,=90° (OT (fJ,=225° )lO 

(fJ2=3 l 5°) Mbl C03)laJIH, HCCJie)lOBaJIH H BKJIIOlJHJIU 

B cocrnB ycrattOBKH CDF 48 ctJeTtJHKOB MSK co 

CbeMOM CBeTa CBeTOBO)laMH C o60HX KOHUOB 

(pnc. 10). 
TaKUM o6pa30M, cyMMa BbinOJIHeHHbIX pa6oT 

no C03)laHHIO HOBbIX C'leTlJHKOB o6ecne'lUJia 

)lOCTtt)KeHne cymecrneHHOro pe3yJILTarn: 

aKcenrnttc MIOOHttoii cncTeMbI ycrattOBKH CDF 

yseJIUtJeH Ha 60% (pnc. 11). 

14 

1 
I 

\ 

J 

l 

ITpoBe.uettttoe HaMH Hccne.uoBaHHe npouecca ecTecrnettttoro crnpettH», TO 

eCTb H3MepeHHe yMeHbllieHUJI CBeToc6opa CUHHTHJIJIJIUHOHHOfO cqeTqHKa co 

BpeMeHeM, c.uenano B03MO)KHblM nporH03HposaTb .ll.OJiroBpeMeHHYIO 

3<p<peKTHBHOCTb HX HCnOJib30BaHUJI. MIOOHHaJI CHCTeMa YCTaHOBKH CDF 

BKJIJOqaeT 6onee 1140 CUHHTHJIJIJIUHOHHblX cqeHHKOB pa3HOro THna. 4aCTb 3THX 

cqeHUKOB OCTaJiaCb co speMeHlf RUN I, .upyra» qacTb 6bIJia C03.UaHa cneUHaJibHO 

B paMKax Mo.uepHH3aUHH ycrnHOBKH CDF RUN II. 

CD-'CMx Q-cMr §D CMu E:3-CMX Q-CMP [Ill-CMU•··IMU 

•I_ 

¢ 

.. 

Puc. 11. AKcerrmuc MIOouuoil: cnCTeMbl CDF B 

Run I - cneea u s Run II - cnpaea 

DblJIH BbinOJIHeHbl 

CHCTeMaTU'leCKUe U3MepeHHJI 

napaMerpoB O)lHoro H Toro )Ke 

Ha6opa ClJeHHKOB pa3ttOro 

Tuna. Hccne)loBatto B o6meii 

CJIO)KHOCTH )lO 60 C'leTlJHKOB 

(CM. Ta6JIHUY 1). CqeTlJHKH 

CSP H BSU, H3roTOBJiettttbie B 

,lzy6tte, npe)lCTaBJI»IOT co6oii 

C'leTlJHKH HOBOfO nOKOJieHHJI C 

OITTOBOJIOKOHHblM C'beMOM 

CBeTa, pa3MepaMH 3200x305x20 MM
3 

H l638xl66xl5 MM
3 

COOTBeTCTBeHHO. 

OcHoBa CUHHTHJIJI»Topa - nonucrnpon (ITC). C'leHHKH CSP Wall - JTO TaK 

Ha3bIBaeMbie "Mo.ziepHH3HpOBaHHbie" ClJeT'lHKH co CMeUJaHHbIM cnoco60M c6opa 

cBeTa, c pa3MepaMu . 3200x320x2_() MM
3
• CtJeT'IHKH CSX nMe~T 

rpaneuutt)laJihffYIO q>OpMy, c pa3MepaMH l 800x(300, 400)x25 MM3. C'beM CBeTa 

npoH3B0)lHTCJI KJiaCCHlJeCKHM cnoco6oM - C noMOIUbIO nJieKCHrJiaCOBbIX 

cBeTOBO)lOB. OcHOBa cuuHTHJIJIJITOpa )lJill ctJeTtJttKOB · CSP Wall H CSX -

IlOJIHBHHHJITOJIYOJI (IIBT). 

Tun C'lt:T'IHKa OCHOBa Kon-Bo ITOCTOJIHHaJI CTapeHHJI T(fO.llbl) • 

CSP Wall ITBT 23 4.7 + 0.3 
CSX ITBT 17 7.6± 1.3 
BSU ITC 17 12.4 + 1.0 
CSP ITC 2 8.9+0.9 

Ta6nuua I. OCHOBHbie pe3yJJbTaTbl HCCJle.llOBaHHJI eCTeCTBeHHOro CTapeHHJI 

CUHHTHJIJIJIUHOHHblX cqcrqnKOB yCTaHOBKH CDF II. 
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MeTOJJ.OM a6comOTHOH Kam-16pOBKtt
12 

B Te'leHHe HeCKOJJbKHX JJeT 

rrepHOJJ.Hl!eCKH H3MepHeTCJI CBeTOc6op c JJ.aJibHero OT <I>3Y KOHUa 

CUHHTHJIJJJIUHOHHOH rrnaCTHHbl. ,J::{anee 3KCrrepttMeHTaJibHbie .naHHble 

arrrrpOKCHMttpy!OTCJI opJJ.HHapHOH 3KCITOHeHUHaJibHOH QlYHKUHei1 (pnc. 12, 

Ta6m1ua 1). 

¢,~T. ¢yHK1.zyu~ N(t) = Nc,exp(-Vt) xtindf·- z.15112 "t --~ -No 11.42t0.4S07 
t 4.812t O 2459 

" ,; 

fi:12l 

i
10

b ~-s T : 
:L~=Lh~~~LL~""J -t O 1 2 l 4 5 I 

8peMR, a roAax {"ON coorsercnyer 2000 roAy) 

Puc. 12. CBeTOBblXO.ll c )laJlbHero OT <1>3Y KOHUa 

nm1 onHoro H3 C'leT'lHKOB CSP Wall no ronaM. 

TTpoBe.neHHbii1 

HCCJJeJJ.OBaHHH 

nony'lHTb 

UHKJI 

J103BOJJHJI 

paHee 

OTCYTCTBOBaBWHe CBe,neHHJI no 

crnpeHHIO CUHHTHJJJJJIUHOHHbIX 

C'leT'lHKOB ycrnHOBKH CDF II B 

ycJJOBHHX peanbHoro 

3KCrrepuMeHTa H HHTerpaJibHOrO 

yqeTa MHOrHX cpaKTOpOB, 

BJJHHIOW.HX Ha .nerpa.naumo 

CUHHTHJlJJJIUHOHHOH rrnacnrnhI. 

B TOM 'lHCJJe: a) CTaTHCTHl!eCKH JJ.OCTOBepHO ycTaHOBJJeHO, 'lTO CKOpOCTb 

.nerpa.nauuu J10J1HBHHHJ1TOJ1YOJJbHOro CUHHTHJJJJHTOpa ITO'lTH BJJ.BOe BbIWe, 'leM y 

ITOJJHCTHpOJlbHOro CUHHTHJJJJHTOpa aHaJIOfHl!HOH . reoMeTPHH; 6) .llJlll 

ITOJlHCTHpOJlbHblX CUHHTHJJJJJIUHOHHblX C'leT'lHKOB HOBOro ITOKOJJeHHJI B CHCTeMe 

"CUHHTHJ1J1JIT0p + OITTOBOJIOKHO" orrpe,neJJHIOW.HM JIBJJJleTCJI CTapeHHe ITJJaCTHKa 

(BKJiaJ). OITTOBOJlOKHa B yMeHbWeHHe CBeTOc6opa c JJ.aJibHero OT <I>3Y KOHUa He 

rrpeBbIWaeT 20%); 8) TeXHH'leCKaJI .llJIHHa ocna6neHHJI JJ.JJJI CUHHTHJJJJJIUHOHHbIX 

C'leT'lHKOB C OITTOBOJIOKOHHblM crroco6oM CbeMa CBeTa cna6o 3aBHCHT OT 

BpeMeHtt. UeHTPaJibHbIH BblBOJJ. Hawttx ttccne.noBaHui1: orrpe.neneHo, '!TO 

C'leT'lHKH, H3fOTOBJJeHHbie B Ol15H1, MOryT 6h1Th HCJ10Jlb30BaHbl .llJIJI Ha6opa 

CTaTHCTHKH 6e3 3aMeTHoro yMeHbWeHHJI 3Q}Q}eKTHBHOCTH JJ.O 2010 ro.na. 

B qeTBCDTOII rJJaBe OITHCblBaeTCJI pa3pa60TKa Ii COJJJ.aHtte HOBoro 

MHOroKaHaJihHOro rrpeKOHBeprnpa CPR2 3JJeKTPOMarnHTHoro KanopttMeTPa Ha 

OCHOBe rrnaCTHl!eCKOro CUHHTHJlJJHTOpa, a TaK)Ke pa3pa6oTKa H C03JJ.aHHe 

rrpOTOTHITOB C'leT'lHKOB .llJIJI JJ.OITOJJHHTeJJhHOro CJJOJI MIOOHHbIX 

12 E. H. Bellamy et al., "Absolute Calibration and Monitoring of a Spectrometric Channel 
Using a Photomultiplier", - NIM A339 ( I 994) 468-476. 
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CUHHTHJJJJJIUHOHHblX ,neTeKTOpOB Ii HCCJJeJJ.OBaHtte HX BJJHJIHHJI Ha ITOBbIWeHHe 

3cpcpeKTHBHOCTH rro.naBJJeHHJI Q)OHOBbIX C06bITHi1 B COCTaBe HOBOro MIOOHHOro 

TPHrrepa. 

llpeKOHBepmop 3J1eKmpoMa2HumHoc0 KaJIOpUMempa CPR2. 

TTOBbIWeHHe CBeTHMOCTH T3BaTPOHa rrpHBeno K He06XOJJ.HMOCTH 3aMeHbl 

cmporo rrpeKOHBepTopa: TaK, y)Ke c Ha'laJIOM RUN II ero ncrroJJb30Battue cTano 

rrpo6neMaTH'lHbIM. Me)KJJ.Y TeM rrpeKOHBepTop nrpaeT BeCbMa 3Ha1rnTeJ1bHYIO 

POJl!> B pro.neneHHH qacTHU H TO'lHOCTH H3MepeHHJI HX KHHeMaTHl!eCKHX 

rrapaMeTPOB. 3TH Ka'leCTBa cymecTBeHHbl BO MHOrHX HCCJJe,noBaHHJIX no Q}H3HKe 

TJl)KeJlblX KBapKOB, pacrra.noB W, z 6030HOB H T.JJ.. 

0CHOBHbie rrpH'lHHhl, o6ycnOBHBWHe 3aMetty cmporo rrpeKOHBeprnpa, 

cne.ny10mue: 

• B RUN I CTapbIH rrpeKOHBeprnp 6a3ttpOBaJICJI Ha OTHOCHTeJlbHO Me.llJ)eHHblX 

rrpOBOJlO'lHblX fa30BbIX. .neTeKTopax - rrporroputtOHaJibHblX KaMepax Ii 

pa6oTaJI rrpu CBeTHMOCTH JJ.O I.Ox]0
32 

CM-lc-
1
• C yBeJJtt'leHtteM CBeTHMOCTH 

,11.0 2.0x10
32 

CM·
1
c·

1 
H BbHlle TaKHe ,neTeKTOpbl pa6oTalOT C TPYJJ.OM HJJH 

Boo6me rrepecrn10T crrpaBJJHThCH co cBoei1 3a,naqei1; 

• aMITJIHTYJJ.a HMrryJlbCa CHJlbHO yMeHbWHJJaCb H3-3a .nerpa.nau11u CHrHaJibHOH 

IIpOBOJlO'lKH; 

• Heo6XOJJ.HMOCTb yBeJlH'lemrn 6bICTPOJJ.eHCTBHJI tt ynyqweHHJI 

3HepreTH'leCKOro pa3peweHHJI 3JleKTPOMarHHTHOro KaJIOpHMeTPa TPe6oBana 

60J1bWei1 cerMeHTaUHH rrpeKOHBeprnpa no rrceB,n06bICTPOTe T/, KOTOpall B 

C03JJ.aHHOM .neTeKTope Bblpocna IIO'lTH Ha rropHJJ.OK. 

t 201111 

1/Y: 1/ 
25MM 

125MM 

- 6 M / I 'r,,pexo,A oT cnelCTJ)ocueuia,Ku.1.,ero 
HI npo3pa~HOt l!IOIIOKHO 

B HOBOM rrpeKOHBeprnpe 

.neTeKTttpy10mtte 3JleMeHTbl HaMH 

3aMeHeHbI: HMM CTaJIH TaHJlbl -

CUHHTHJJJIJIUHOHHble rrnaCTHHbl C 

pa3MepaMtt 125xl25x20 MM
3 

(puc. 13). l1JrOTOBJJeHo, 
Pttc. 13. CUHHTHJ!JlJIUHOHHru! rrnaCTHHa (rniln). 

TeCTHpOBaHO Ii OT06paHO 6onee 

3000 TaHJIOB co CTa6HJJbHO BbICOKHM CBeTOBbIXOJJ.OM ,11.0 36 Q).3. Ha MHHHMaJibHO 

HOHH3Hpy10my10 qacTttuy (MMq), a 3TO, B CBOIO O'lepe,nb, o6ecrre'lHJJO 

perncTPauu10 He Mettee 12 cp.3./Ml14 (B cpe.ntteM) rrocne rrpoXO)KJJ.eHHH Bcero 

OITTOBOJIOKOHHOro TPaKTa (.no 5 M). nocneJJ.HJIJI BeJJH'lHHa rrpeBblWaeT 6onee 'leM 

06'1e,qHHeHHI,I:H HHCTHTJ1' 

i sr,n;epH1IX I ,'ICCJie,n;oBam:r:£1 
I R r.-1 F rrv1 nTFr.·, 



B ,nBa pa3a ypoBeHb 5cp.3./MI14, MHHHMaJibHO Heo6xo.nHMbIH .11.JUI 3cpq>eKTHBHOH 

perncrpaUHH KaJIOpHMeTJ)OM 0.11.HHO'IHOH qacTHUbI
13

• 

HaMH pewetta rnaBHall 3a,naqa: MaccoBoe H KOHrpo.1rnpyeMoe no cBeToc6opy 

npoH3B0.1lCTBO TaHJIOB B )zy6He If B XapbKOBe. l13rOTOBJieHHe KaHaBKH Ml! 

omoBOJIOKHa 6bmo nocne.nHHM JrnnoM nepe.n c6opKOH Mo.nyn,i CPR2 B CWA. 

,lvi» o6ecne'leHHH HaMe'lKamero Ka'lecrna TaHJIOB tteo6xo.nHMO 6bmo 

onpe.neneHHe CBeTOc6opa (OT MI14) MH TaHJia 6e3 KaHaBKH, COOTBeTCTBYI01Uero 

cBeTOc6opy He Mettee 18 cp.J./MI14 co cneKrpocMema10mero omoBOJIOKHa, 

ycTaHOBJieHHOro B Q-o6pa3HOH KaHaBKe Ha IlOBepXHOCTH TaHJia. DbIJia npoBe.netta 

cepIDI KOHTJ)OJibHbIX lf3MepeHIIH MH peweHIIH 3TOH 3a,nalJI1. 

l<!>HT. cj>yHKI.\HRy•pl *x+pO II pO -6.31± t.77 
~ ~t•±~~ 

0 · M3MepeHMR B JlyOHe 
201- f ■ • M3M8peHMR BO ¢,HAfl 7-· 

,j 
-& 18 

ai 
~ 16 

§ 
~ 14 

g-
'8 ··~· i ,o~-
0 1. TaWlbS ~ cnpoA CSP Mac:ntHb, 

2.")i(6.n"lwl-taM 
3. TecTOSbll1 TaKJl 
4.l'QTOllb~Ta~ 

ili.LU.l..l.ll..LlLu...t.L..1.-1Jl.u....u.l.u...L..u 
7 8 9 10 11 12 13 14 15 18 

Cseroc6op c Y3KOH rpaHH. cj,.a. 

Puc. 14. Koppem11..1IDI caeroc6opa co 

cneKTpOCMeIUWOIUero OITTOBOJIOKHa u C 

YJKOH rpaHH raiiJia 

CyTb MeTO,!I_IIKII, npIIMeHt!HHOH B 

OIUI.I1, TaKOBa. BHalJaJie Il3Mep»ncll 

CBeTOc6op (B </J.3.) C npoeKTHpyeMbIM 

MeTO,!I_OM Cbt!Ma CBeTa npII IlOMOlUH 

OilTOBOJIOKHa If q>OTOJJieKTJ)OHHOro 

yMHO'lKIITen» (<1>3Y). Ha BTopoM 

3Tane <1>3Y 6bm npHCTaBJieH 

Henocpe.ncrneHHO K 0.11.HOMY H3 Y3KHX 

TOpUOB Tauna If onpe.ne.JIHJICH 

CBeTOc6op (B ¢.3.) C HCCJie.nyeMOH 

nnaCTHHbl. CpaBHeHHe nony'leHHbJX 

Be.JIIl'IHH onpe.nenHJIO onopHblH 

napaMeTJ) MH OT6opa TaHJIOB. Arrll 

npoBe,neHIDI IICCJie,noBaHHH 6bIJIO 

Il3fOTOBJieHO HeCKOJibKO npOTOTIIIlOB 

TaHJIOB m CUIIHTIIJIJillUIIOHHblX nnaCTIIH pa3HOro Ka'lecrna (pnc. 14). 
KpoMe 3TOro, IICilOJib30BaJICH pa,nIIOaKTIIBHblH HCTO'IHIIK Sr90+ Y90

, 

lf3JiyqeHne KOTOporo KOJIJIIIMilpOBaJIOCb B ny'IOK .nilaMeTJ)OM I MM. O6nyqeHI1e 

npOI13B0.1llfJIOCb nepneH.nIIKYJillpHO 60.JibllIOH IlOBepxHOCTII Tattna Ha 

q>IIKCilpOBaHHblX paCCTOHHIDIX OT <1>3Y, npIICTaBJieHHOro K Y3KOH rpaHH 

nnacTIIHbl, II I13Mepl!JICH aHO,!I_HbIH TOK. 3TOT MeT0.1( rpa.nHUIIOHHO IICilOJib3YeTCH B 

13 R. Blair, et al. "Proposal to replace the Central Preshower Detector and Central Crack 
Chambers with an integrated scintillator detector (CPR2) ", -CDF Note 5519, July 18, 
2001. 
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".I1HCTilryTe MoHOKpHCTaJIJIOB" 
14 

MH onpe.neneHHll napaMerpoB npOH3B0.1llfMblX 

CUlfHTIInJillUHOHHblX nnaCTHH. Dbl.JIH npoBe.neHbl HCCne.noBaHHll Ml! 

cornacoBaHHH ouettoK CBeToc6opa, H3Mepettttoro c HcnoJib30BaHHeM 

pa,nIIOaKTIIBHOro IICTOlJHHKa If MeT0.11.0M a6COJIIOTHOH KaJIH6pOBKH, C uenb!O 

Bb1pa60TKII onopnoro napaMerpa Ml! KOHTJ)OJill KalJecrna TaHJIOB, npOH3B0.1lHMblX 

B XapbKOBe (pnc. 15). 

OnucaHHbie Bbillie MeT0.11.HKH KOHTpOJill Kal!eCTBa Il03BOJIHJIH tt'aM B C'lKaTble 

cpoKtt mroTOBHTb 6onee 3000 TaHJIOB c BhICOKHM (.no 36 cp.3.) cBeroc6opoM. 

3cpcpeKTHBHOCTb HOBOro npeKOHBepTopa CPR2 HJIJIIOCTpttpyeTCH HH'lKe. 

~ l<1>HT.¢>YHKlJIIRp•p/*x+pO 11o0 s.ss,,.27, Ha pncyttKe 16 (cneBa) 
~ p1 0..92 t 0.0938 

ill 
~ ... 
el-
s iu.e~-
,s ll.4 

ll 
!:!.,,., 
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. Tdn,, N3 CTapcMl CSP MaC'nHol 
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CoeTOC6op c y.,Koii rpe••· q>.o. 

Puc. 15. KoppeJlllUHll ceeroc6opa c yJKoii 

rpaHH TaHJia, H3MepeHHOro pa3Hb1MH 

cnoco6aMtt: Me'f0.llOM a6COJIIOTHOH KaJIH6pOBKH 

Ii C nOMOIUblO Pa.llHOaKTHBHOfO HCTO'IHHKa, 

K0TOpbIH 6bIJI yc-raHOBJieH e ueHTpe TaHJia. 

noKa3ano pacnpe.nenemie no 

Bbl.!leJieHHOH B npeKOHBeprope 

JHeprnH MH KaH.nH.naTOB Ha 

MIOOHbl OT pacna.noB W-6030HOB, 

IlOCJie BBe.neHHH nonpaBOK 

rpaKTOB ycIIneHIIH CHrHaJIOB C 

TaHJIOB. Arrll cpaBHeHIDI TaK'lKe 

IlOKa3aHO pacnpe.nenenHe OT 

qaCTHU C rpeKaMH C nonepe4HOH 

Jttepmen Pt 6onee 8 I'3B, KOTOpb1e 

HHOr.na o6pa3yIOTCll OT 

B3aHMO,neHCTBHll npo.nyKTOB 

npoTOH-aHTIIIlpOTOHHblX CTOJIKHOBeHIIH C MaTepilaJIOM nepe.n .neTeKTOpOM CPR2. 

KpoMe MIIHHMaJibHO noHH3HpYIOlUHX qacrnu ,neTeKTop CPR2 

3apenICTJ)HpOBaJI TaK'lKe 60.JibllIOe KOJIH'leCTBO 3.JieKTJ)OHOB OT pacna.noa W-

6o30HOB. Ha pIICYHKe 16 (cnpaBa) Il0Ka3aHO aHaJIOfH'IHOe npe,nbl,nymeMy 

pacnpe.neneHHe .1(.JIH KaH,nil,naTOB Ha 3.JieKTJ)OHbl OT pacna.noB W-603080B B 

cpaBHeHHH C pacnpe.neneHileM OT 'laCTIIU C rpeKaMH C nonepe'IHOH 3Heprnei1 Pt 

6onee 8 I'3B, KOTOpbie HHOr.na o6pa3YIQTC.8 OT B3aHMO,neHCTBHH npo.nyKT0B 

npoTOH-aHTilnpOTOHHblX CTOJIKHOBeHIIH C MaTeptt:aJIOM nepe.n .ne'-reKTopoM CPR2. 

KaK II O'lKil,!l_aJIOCb, B cnyqae B03HHKHOBeHIDI JIIIBIDI OT 3.JieKTJ)OHa BbI.l(eJieHile 

14 
HHCTHryT CUHHTHJIJlllUH0HHbIX MaTepttaJIOB HKT «HHCTHTYT MOHOKpHCTaJIJIOB», r. 

XapbKOB, YKpattHa 
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3HeprnH 60JibIIIe, lJeM B CJiytJae npoXO)l(JJ,eHHH 4epe3 npeKOHBepTOp MHHHMaJibHO 

HOHII3HpYIOIUeH tJaCTHUbl HJIH CJIY4aHHbIX tJaCTHU. 

0.22 

0.2 
0.18 

0.161 ·• 

0.14 

0.12 

0.1 

, 

1 

■ Kat-iAHP.3Tbl Ha MIOOHbl 

□ Cn~aPl-4ble 4aCTM4bl 

4 6 8 10 12 14 

3HeproBblA8fl8HMe, B Mi,14 

o.2s,~~-~~------~ 

0.211 

015lll 

.,J\ 
oj L 

"'-. 

fil KaHAMAaTbt Ha 3JleKTpoHbl 
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Puc. 16. Pacnpeneneuue no Bbllleneuuoi1 e npeKoHeeprnpe :JHepruu (e emrnuuax Ml14) 
11m1 KaH1IH1IaTOB Ha MIOOHbl OT pacna,noe W-6030HOB 11 OT cny'laHHblX rpeKOB C 
nonepe'lHOH :JHepruei1 p, 6onee 8 I':JB (neebJH p11cyuoK). To )Ke 11m1 Kau11u11arne ua 
3neKTpOHbl OT pacna,noe W-6o3ouoe 11 OT cny'laHHblX 'lacnm c nonepe'lHOH :mepruei1 p, 
6onee 8 I'3B (npaebJH pucyuoK). 

TaKHM o6pa30M, coxpaHHB JJ,OCTOHHCTBa cmporo npeKOHBepTOpa: 

2-3 KpaTHOe yBeJIHtJeHtte noJJ,aBJieHHH !pOHa OT 3apH)l(eHHbIX nHOHOB, 'ITO 

KpaiiHe Ba)l(HO nptt nocneJJ.yIOIUeH HJJ.eHTH!pHKaUHH 3JieKTPOHa }],Jl.8 B-jet 
MetJeHHH, 

B03MO)l(HOCTb HJJ,eHTH!pHKau1rn OJJ.HHOlJHbIX !pOTOHOB (Ha !pOHe Me30HOB) B 

o6nacrn 3Heprnii 6oJibIIIe 35 T-:1B, 

ynytJIIIeHHe 3HepreTHtJecKoro pa3peIIIeHHH CTPYH, 'ITO otJeHb cymecrneHHO 

}],Jl.8 nOHCKa HJJH 3KCnepttMeHTaJibHOro cy)l(eHHH BepoHTHOro HHTepnana Mace 

tJaCTHU Xnrrca; 

HOBblH npeKOBepTOp o6JJaJJ,aeT npHHUHnHaJibHO HOBbIMH KatJecrnaMH: 

pa6omeT nptt CBeTHMOCTH JJ.O 3.0x 1032 CM-le-'" BbIIIIe; 

HMeeT Ha nopHJJ.OK 6onee BblCOKYIO rpattyJJHpHOCTb no nceBJJ,06bICTPOTe; 

HMeeT Ha nop»JJ.OK 6onee BbICOKOe 6bICTPOJJ.eHCTBHe, 'ITO OlJeHb Ba)l(HQ B 

CBeTe nJJaHHpyeMoro yMeHbIIIeHHH HHTepsana Me)l(JJ.Y crycTKaMH c 396 JJ.O 

132 HC. 

/1ccJ1eooBaHue 3c/Jc/JeKmUBHocmu HOB020 MIOOHH020 mpu22epa _ 8 06J1acmu 

1.o<!nt<1.2s. 
YBeJJttlJeHtte CBeTHMOCTH T3BaTPOHa JJ.O BeJJHlJHHbl 2x I 032 CM-] c-' H 

CBH3aHHOe C 3THM y)l(eCTO'leHtte TPe6oBaHHH oroopa noJJe3HblX C06bITHH 
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npttBeJJH K HCKJJIO'leHHIO 113 cnttcKa TPHrrepoB, o6»3aTeJJbHbIX Ha ycmHOBKe 

CDF II, MIOOHHoro TPHrrepa nepsoro ypoBHH (LI) B o6nacTtt l.0:S:ITJl:S:1.25 
(noreptt ~10%). HaMH npeJJ.JJO)l(eH BapttaHT BOCCTaHOBJJeHH.8 JJ,aHHOro TPHrrepa 

nyTeM BKJJIOlJeHH.8 B Hero· CHfHaJIOB C JJ.OnOJJHIITeJJbHOro CJJ0.8 MlOOHHbIX 

CUHHTIIJJJJHUHOHHbIX JJ,eTeKTopoB {pttc. 17). 

}vrn OUeHKH O)l(HJJ,aeMOro 3<p<peKTa OT BKJJIO'lemrn: ClJeTlJHKOB S~U B TPHrrep 

Mbl o6pa60TaJIH JJ,aHHbie, OT06paHHLie rno6aJibHbIM 06IUHM TPHrrepoM 

ycmHOBKH CDF Ha nporn)l(eHHH 3 MeCHUeB ceaHCOB Ha6opa c MM no HIOJJb 2005 
roJJ.a. 

SM 

4M 

3M 

2M 

9M BM 7M 6M SM 4M 3M 2M 1M 0 

Puc. 17. Pacnono)l(ettue 
lleTeKTopoe MIOOHHOro 
Tpurrepa e 06naCT11 
1.0$1771:s;J.5, a TaK)l(e 
MeCTo npe11nonaraeMoi1 
yCTaHOBKU HOBOro cno» 
CUUHTunmlUHOHHblX 
C'leT'lUKOB SSLJ. 

Ha pttcyuKe 18 noKaJaHLI pacnpeJJ.eJJeHtte co6bITHH no ctJeTtJHKaM H speMeH 

npHXOJJ,a co6LITHH, OT06paHHbIX npeJJ.JJO)l(eHHbIM TPHrrepoM. CJJeJJ,yeT OTMeTHTb 

pe3KOe BbIJJ,eJJeHtte flHKOB B o6JJaCTH I 60 HC OT Ha'lana OTC'leTa - 3TOT nHK JJ.JJH 

C'leTlJHKOB ssu npttXOJJ.HTCH Ha ~ I 57 HC (HH)l(HHH JJeBblH pttcyHOK) tt JJ.JJH 

ctJeTtJttKOB BSU npttXOJJ.HTCH Ha ~ I 60 He {Htt)l(HHH npaBbIH pttcyHoK) OT Ha'lana 

OTClJeTa H pa3HHUa COCTaBJJHeT OKOJJO 3 HC (BepXHHH npaBblH pttcyHOK). ECJJH 

ytJecTb, 'ITO speMH nponem OT c'leT'lttKa SSU JJ.O C'leTtJHKa BSUF JJ.JJ» 

3apH)l(eHHOH 'laCTHULI, JleTHIUeH H3 30Hbl npOTOH-aHTttnpOTOHHbIX CTOJJKHOBeHHH, 

JJ.OJJ)l(HO COCTaBJJHTb ~3 HC, TO MO)l(HO nonaraTb, 'ITO Ha 3TOT nHK npttXOJJ.HTCH 

HMeHHO MIOOHLI, pd)l(JJ,alOmttec» B HCKOMblX C06bITHHX B ueHTPe ycmHOBKH. 

)vrn cpaBHeHH.8 npttBeJJ,eM pacnpeJJ.eJJeHHe BpeMeH npHXOJJ.OB co6bITHH JJ.JJH 

ClJeT'lHKOB BSUF, COOTBeTCTBYIOIUHX MIOOHaM nptt HCCJJeJJ.OBaHHH pacnaJJ,OB 

Z-6o30HOB (pnc. 19) 15. CpeJJ.Hee noJJo)l(eHtte nttKa JJ.JJH C'leTtJHKos BSUF ~ 159 He, 

15 
C.M. Ginsburg et al. "CDF Intermediate Muon Trigger." - CDF Note 7694. 2005. 
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TO eCTb COBna.naeT C IIOJIO)KeHHeM IIHKa Ha rncrnrpaMMax npH oroope C06blTHH 

npe.nrrO)KeHHbIM HaMH TPHrrepoM. 3TO IIO.!lTBep)K.!laeT BblCOKyK> 3<p<peKTHBHOCTb 

Hoeoro TPHrrepa npn oroope MJOOHOB, pO)K.!leHHblX B ueHTPe ycTI1HOBKH CDF. 
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Constant 352.2 ± 15.61 
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Sigma 5.035 ± 0.1454 
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Puc. 18. Pacnpe.nene1111e 

co6bITlfH no C'le'f'llfKBM, a 

TBIOKe speMeH np11xo.na 

3THX co6bITHH If pa.3H0CTH 

speMeH npHX0.Q0B .!\Jill 

C0OTBeTCTB)'KllUHX nap 

ctJertJHK0B BSU H SSU np11 

npe.QJI0JKeHH0M H0B0M 

MIO0HH0M TPHrrepe B 

o6naCTH l.0$j7Jl~l.25. 

Puc. 19. BSUF C'le'f'IHKH: 

pacnpe.neneHHe no speMeHH 

npHX0.Qa co6bITHH, 

C00TBeTCTB)'KllUHX MIO0HBM 

npH HCCJle.Q0BBHlflf pacna,na 

Z➔2µ. 

Eonee Toro, npoae.neHHLiii aHanHJ noKaJan: a) n.neHTlfllHOCTb npe.nrraraeMoro 

MJOOHHoro TPHrrepa LI B o6nacrn l.0:5:l1Jl:5:l.25 HLIHe ucnoJib3yeMoMy 
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MJOOHHOMY TPHrrepy B o6nacTH l.25:5:l1Jl:5:1.5; 6) cyMMapHall qacTOTil TPHrrepa 

LI .llllll o6naCTH 1.0:5:l'll:5:l.5 He npeBbJUiaeT .nonycrnMoro Ha CDF II ypoBHll - I 

KfU. 

TTonyqeHHble HaMH JJ,aHHb1e nOJJ.TBepJJ.ttnH uenecoo6pa3HOCTb npe.nrraraeMoro 

perneHHll: yeenlfl!eHHe aKcernaHca MIOOHHOro TPHrrepa ypoBHll LI BO3MO)KHO 

nyTeM ycTilHOBKH JJ.OIIOJIHHTeJibHOrO CJIOJI CUHHTHnJillUHOHHblX cqeHHKOB B 

o6nacrn l.0:5:l'll:5:1.25. 

B 38KJllO'leHHII C<pOpMynupoeaHbl OCHOBHble pe3yJibTaTbl JJ.HCcepTaUHOHHOH 

pa60Tbl: 

I. TTpH aKTHBHOM yqaCTHH aBTOpa peanHJOBaH npHHUHIIHMbHblH pa3JJ.eJI 

nporpaMMbl MOJJ,epHH3aUHH ycTaHOBKH CDF: 3HaquTeJibHO, Ha 60%, 
yeenlflleH aKcenTilHC MJOOHHoro TPHrrepa. 3To JJ.OCTH)Kem1e o6ycnoeneHo: a) 

CO3.!laHHeM 6onee 650 KpynHOMaCrnTa6HblX CUHHTHnmIUHOHHblX cqeTqHKOB C 

o6meii nnomaJJ.LJO 6onee 300 M2
, e TOM qucne 608 cqeTqHKOB co 

CBeTOc6opoM cneKTPOCMeIUaJOIUHMH BOJIOKHaMn; 6) pa3pa60TKOH CHCTeMbl 

ynpaanemui: H KOHTPOm1; B) BKnJOqeHHeM HOBOrO KOMIIJieKca B COCTaB 

.neiicTByJOmeii annapaTypbI ycTaHOBKH CDF. 
2. ~H ucnonHeHHH uccneJJ.oBaTeJibCKoii nporpaMMbl CDF II npu eo3pocrneH 

CBeTHMOCTH T3BaTPOHa (2xl032 
CM·

2
c·

1 
H BbIUie), B KOTOpOH TPe6yeTCll 

HJJ,eHTH!pHKaUHH 3JieKTPOHOB H <pOTOHOB, CO3JJ,aH HOBblH npu6op - 2600-
KaHanbHblH rOJJ,OCKOIIlflleCKHH npeKOHBepTOp H3 CUHHTHJIJIJIUHOHHblX 

nnacrnH I25xI25x20 MM
2 

o6meti nnomaJJ.bJO 6onee 40 M
2

. 6blCTPOJJ.eHCTBHe 

HOBOro npeKOHBepTopa H ero cerMeHTaUHll no nceBJJ.06blCTPOTe Ha nopl!JJ.OK 

npeB3OIIIJ1H 3TH Benlfl!HHbl B paHee cymecTBOBaerneH CHCTeMe, npHroJJ,HOH 

.llJIH HCIIOJib3OBaHHH npH CBeTHMOCTH MeHee 1032 
cM·

2
c·

1 
• 

3. Bnepeble YCTilHOBJieHO, l{TO .llJIH CUHHTHnnHUHOHHblX cqeTqHKOB HOBoro 

IIOKOJieHHH Ha OCHOBe IIOJIHCTHpOJia: a) crnpem1e CHCTeMbl "CUHHTHJIJillTOp + 
OIITOBOJIOKHO" onpe.neJllleTCH .nerpaJJ.auueii nnaCTHKa; 6) TeXHHqecKall .llJIHHa 

ocna6neHHH cna6o 3aBHCHT OT BpeMeHH. ,[{aHHblH pe3yJibTilT .!lOCTHrHYT 

6naroJJ.apa nccneJJ.oBaHHHM B 2000 - 2006 rr. napaMeTPOB 

CUHHTHnJIHUHOHHbIX cqeHHKOB, .neiiCTByK>IUHX Ha YCTaHOBKe CDF, 
IIO3BOJIHBIIIHM cnporHO3HpOBaTb 3BOJIIOUHIO 3THX napaMeTPOB H .naTb 

KOJIJia6opaunH nporpaMMY 3aMeHbI Tepl!IOIUHX 3<p<peKTHBHOCTb cqeTqHKOB, 
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3KCnnyaTttpyeMbIX C 1992 ro.n.a. BMecTe C 3THM ycTaH0BneHo: C'leT'lllKH 

0115111 coxpamn BbIC0KYIO 3cpcpeKTHBHOCTb .n.o Kottua ceattca RUN II. 

4. ripe.n.no)[(eH H 3KCnepHMeHTMbH0 anpo611poBaH MIO0HHbIH Tpttrrep B 

nepe.n.tteH (1.0<1111<1.25) o6nacrn CDF. ripe.D.bI.11.YIUall eepcttl! 3TOro TPHrrepa 
C cpeepanl! 2006 ro.n.a 6hrna HCKnlO'ICHa H3 cnHCKa o6ll3aTenbHbIX TPHrrepoB 

CDF II ecne.n.crntte B03pocUJeH ceen1Mocrn TJBaTPOHa. floKa3aHo, 'IT0 

pa3Memem1e .n.ononmnenhH0ro cnol! CUHHTHnnllUH0HHbIX C'ICT'IHK0B B 
yKa3aHH0H o6nacTH no3eonttT Konna6opaUHH yeentt'IHTb 6onee 'leM Ha 10% 

K0nH'leCTB0 OT6ttpaeMbIX co6bITHH c MIO0HaMH e Ka'leCTBe CHrttarypH0H 

lJaCTHUbl. 
5. O6ecne'leHO CTa6UnbHOe cpyHKUHOHHpOBaHue MIOOHHOH CHCTeMbl CDF II, 

BKnlO'lalOIUeH 6onee 1140 CUHHTHnnllUH0HHbIX C'ICT'IHK0B pa3HbIX THn0B, tt 

3cpcpeKTHBHOe ncnonh30BaHHe ee B MIO0HH0M TPHrrepe. JTO c.n.enano 
B03M0)[(HblM .11.0CTH)[(eHHe Ba)[(HblX H0BbIX pe3ynbTaT0B npHHUHnHMbH0ro 

HaY4H0ro 3HalJeHJrn, - B 'laCTH0CTH, 0.11.HHX H3 Hatt6onee T0'IHbIX, no 
epeMeHH nony'leHH.ll, H3MepeHHH MaCCbl T0n-KBapKa Mwp= 173,5~~:~ (stat.) 

r3B/c2 H M,op=l 70.1 f3B/c2 ± 6.0(stat.) ± 4.1(syst.) B TaK Ha3bIBaeMbIX Mo.n.ax 

"nenToH+CTPYH" tt ".n.ttnenTOH" C00TBeTCTBeH_H0, Hatt6onee T0'IH0e 

H3Mepem1e Macchi W-6030Ha Mw=80413 ± 48 (stat.) MJB/c2 H .n.p. B 
HaCT0.llIUee epeMll no.n..n.ep)[(ttBaeMbIH HaMH MIO0HHbIH K0MnneKc CDF II 

.n.eil.crnyeT B npo.n.on)[(HTenbH0M Ha6opHOM ceaHce RUN II Ha TJBaTPOHe. 

OcHOBHhIC pe3VJihT3Thl .11.HCcepTaUHH ony6nHKOBaHbl B cne.n.yIOIUHX 

pa6ornx: 

1. A. ApTHKOB, ... ,a:. qoxeJiu H .n.p., "floocucmeMa C'lem'IUKOB «miniskirt» 

ycmaHOBKU CDF If' - rinchMa B 34A5I, N2 5(114)-2002, CT. 25-39, 2002. 

A. Artikov, . . . D. Chokheli et al., "The 'miniskirt' counter array at CDF-II" 

- CDF Note: CDF/PUB/MUON/PUBLIC/6105, Sep 2002. 

2. 0. flyxoe, . . . ,a:. qoxem1 11 .n.p., "ABmoMamu3aqUJ1 KOHmpoRJl cucmeMbl 

MIOOHHblX, cquHmUJ1J1J1mopHblX C'lem'IUKOB CDF If' - rI11cbMa e 34A5I, N2 
5[114]-2002, CT. 72-81, 2002. 

0. Pukhov, ... D. Chokheli et al., "Automatization of the monitoring and 

control of the muon scintillation counters at CDF If' - CDF Note: 

CDF/PUB/MUON/PUBLIC/5949, May 2002. 
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3. A. ApTHKOB, ... ,a:. qoxeJiu H .n.p., "long muon scintillation counters with 

wavelength shifter fiber readout for CDF If' - flttChMa B 34A5I, N2 3[ 132]-
2006, cT. 81-102, 2006. 

4. Artikov, ... D. Chokheli et al., "Design and construction of new central and 

forward muon counters for CDF If',- NIM A538 (2005) 358-371, 2005. 

A. Artikov, ... D. Chokheli et al., "Design and construction of new central 

and forward muon counters for CDF If' - CDF Note: 
CDFIPUB/MUONIPUBLIC/6926, March 2004. 

5. A. Artikov, ... D. Chokheli et al., "Properties of the Ukraine polystyrene

based plastic scintillator UPS 923A" - NIM A555 (2005) 125-131, 2005. 

A. ApTHKOB, ... ,a:. qOXCJIII H .D.p., "C60UCm6a yKpGUIICKOZO flJ/aCmMaCC060ZO 

cquHmUJ/JlJlmopa Ha ocHoBe noJ1ucmupoJ1a UPS 923A" - TTpenpHHT Ol151l1, 
,lzy6Ha, D13-2005-111, 2005. 

6. A. ApTHKOB, 0. TTyxos, ·,a:. qOXCJIH H r. 4na'IH.11.3e, "CucmeMa M100HHb1x 

cquHmUJ/JlJ/1,fUOHHblX c•1em'IUK06 ycmaHOBKU CDF' - 34A5I, 2008, T. 39, 
N2.3. 

A. M. Artikov, 0. E. Pukhov, G. A. Chlachidze and D. Chokheli, 
"Scintillation Counters of the Muon System at CDF II" - Physics of Particles 

and Nuclei, Vol. 39, No. 3, 2008, p. 410, 
http://www.maik.rssi.ru/abstract/physpart/8/physpart3 _ 8p41 0abs.htm 

7. A.Artikov, D. Chokheli, G. Pauletta and 0. Pukhov, "On the aging of the 

scintillation counters for RUN II Muon System at CDP' - NIM A579 (2007) 
1122-1134, 2007. 

A.Artikov, . . . D.Chokheli et al.. "On the aging of the CSP and CSX 

counters", - CDF Note: CDF/PUB/MUONIPUBLIC/7033, May 2004. 

8. A. ApTHKOB, ... ,a:. qOXCJIH H .n.p., "«PRESHOWER» - H06blU 

MHOZOKaHa7bHblU oemeKmop CDF. l/acmb I. CquHmUJ1J1J11,fUOHHb1e flJlacmuHbl 

HOBozo oemeKmopa: pmpa6omKa, npoUJBoocmBo, KOHmpoRb Ka'lecmBa'' -
TTpenpHHT Ol151l1, ,lzy6Ha, Pl3-2005-27, 2005. 

9. M. Gallinaro, ... , D.Chokheli et al (CDF collaboration), "A New Scintillator 

Tile/Fiber Preshower Detector for the CDF Central Calorimeter" -

Fermilab-CONF-04-325-E, Nov 2004. 5pp. Presented at 2004 IEEE Nuclear 
Science Symposium and Medical Imaging Conference (NSS / MIC), Rome, 
Italy. 
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10. A. Artikov, ... , D. Chokheli et al., "CDF central preshower and crack 
detector upgrade" - ANL-HEP-PR-07-09, 

arXiv.org>physics>arXiv:0706.3922vl, http://arxiv.org/abs/0706.3922v I, 

June 2007. 
A. ApTIIKOB, . . . )],. qoxenu H .up., "CDF central preshower and crack 
detector upgrade" - Fennilab preprint, FERMILAB PUB-07-023-E, Feb 

2007. 
11. A. ApTUKOB, K. EpoM6epr, )],. qOXeJIII H r. ll.natJH.!l3e, "0 6O3MO:JICHOCmU 

Moou</Ju1<alfUU mpuzzepa 1 ypo6HJl MIOOHHOU cucmeMbl ycmaHO61<U CDF 6 
yCJ1O6URX noebrULeHHOu ceemw.,ocmu T3eampoHa" - ITHCbMa B 3llA51, 2008, 

T 5, N2 2(144).C 171-188. 

12. A. Abulencia, ... D.Chokheli et al (CDF collaboration). "Measurement of the 
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